







Shape memory alloys (SMAs) have been recognized as one of the most promising 
materials for MEMS micro-actuator applications.  Among the available materials, 
Nickel/Titanium (NiTi) SMAs are more popular because, they exhibit unique properties 
in shape memory effect (SME) and pseudo-elasticity (PE).  In addition NiTi SMA 
possesses high corrosion resistance, excellent mechanical properties and is also bio-
compatible.  NiTi thin-film SMAs have been considered as the most significant material 
in the field of MEMS applications, which can be patterned with standard lithographic 
techniques to scale-up for batch production. However, the lack of proper understanding 
of basic materials’ properties and inability to reproduce, has limited the usage of this 
material in MEMS devices.  The properties of NiTi SMA thin-films are very much 
sensitive to the elemental composition and structure, which are in turn decided by the 
deposition process and process parameters. 
 
A brief history of NiTi shape memory alloys (SMAs), basic information, 
transformation characteristics, crystal structure, phase diagram and literature reviewed for 
the current motivation have been presented in the second chapter 
In the third chapter, a brief summary about the deposition techniques relevant 
to NiTi film deposition has been presented.  The deposition of NiTi films by a number 
of deposition techniques such as thermal evaporation, co-evaporation, molecular beam 
Epitaxy, pulsed laser deposition, flash evaporation, electron beam deposition, filtered arc 
deposition, ion beam assisted sputter deposition, vacuum plasma spraying, ion beam 
sputtering, ECR sputtering and magnetron sputtering techniques have been discussed.  In 
order to achieve a precise control over film thickness and composition of the films on to 
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the substrates, the selection of magnetron sputtering has been highlighted.  In the 
present thesis, two prolonged approaches such as DC magnetron sputtering of an alloy 
target and co-sputtering of elemental targets have been presented. Various 
characterization techniques used for film thickness, composition, structure, micro-
structure, electrical, phase transformation and mechanical properties have also been 
briefly presented in the same chapter.  
In the fourth chapter, description of Conventional Alloy Target Sputtering 
System has been presented.   DC magnetron sputtering of an alloy target with two 
different atomic ratios (Ni:Ti = 45:55 & 50:50) has been used for depositing the coatings.  
Several limitations in the reproducibility and repeatability have been observed with single 
alloy target sputtering, irrespective of the target composition ratio.  In addition to this, 
incorporation of oxygen in the films during and after deposition has been observed, 
which has limited the extensive usage of this single alloy target system.  
The limitations regarding control over composition, thickness uniformity over 
large area have been improved by designing and fabricating a dedicated Three Target 
Magnetron Co-sputtering System.  The vacuum diagnosis of the system under different 
conditions has been carried out by using PPR-200 Residual Gas Analyzer (RGA), 
which have included in Appendix I.  Similar to alloy target sputtering system, the 
thickness uniformity and required composition with deposition parameters over a size of 
75 mm diameter has been achieved and the process repeatability has been established.  
Oxygen incorporation in the films during deposition has been minimized by pre-
sputtering of Ti target for known duration of time, which has resulted in significant 
reduction in partial pressure of oxygen in the chamber.  The oxide layer formation on 
film surface has been eliminated by in-situ capping layer (TiN) deposition. 
 
In the fifth chapter, the influence of process parameters such as sample locations, 
substrate to target distance (STD), working pressure (WP), gas flow rates,  deposition 
rates, deposition and annealing temperature, Target power,  on the film thickness and 
composition uniformity have been presented for alloy target sputtering system as well as 
for the co-sputtering system.  The film thicknesses have been measured with stylus 
 xvii 
method.  Film compositions have been determined by energy dispersive X-ray 
spectroscopy (EDS), Secondary ion mass spectrometry (SIMS), Rutherford 
backscattering spectrometry (RBS) and X-ray photoelectron spectroscopy (XPS).  The 
working pressure of 1.5 X 10-3 mbar, STD  of 90 mm and target power of 100 W have 
been found to produce coatings having uniform thickness and composition over the given 
area for alloy target sputtering system.  Similar investigations have been carried out for 
co-sputtered NiTiCu films.  The working pressure of 1.5x 10-3 mbar, at a STD of 90 mm, 
at a rotational speed of 15 rpm and at target powers of 600, 50 and 12 W for Ti, Ni and 
Cu respectively, have resulted in the thickness and required composition uniformity over 
a size of 75 mm diameter substrate and the process repeatability has been established. 
 
In the Sixth chapter, the influence of  process parameters on film structure and 
micro-structure on the NiTi/NiTiCu films deposited by a single alloy target and co-
sputtering have been studied by different analytical techniques like XRD, TEM, AFM, 
SEM etc.  Phase transformation temperatures and kind of transformations have been 
investigated by DSC, Resistivity / Temperature and Stress/ Temperature studies and 
correlations have been established.  The process parameters have been optimized for TiN 
deposition, which act as the capping layer to protect NiTi films from surface oxidation.  
The variation in mechanical behavior for the NiTi/ NiTiCu films before and after TiN 
capping by nano-indentation test have also presented.  
 
XRD and TEM studies have shown that the NiTi / NiTiCu films deposited at 
room temperature to 400o C are amorphous.  Post-annealing, at a temperature of 450O C 
or above resulted in the film crystallization with oxide layer formation at the film surface, 
which has been confirmed by XRD and XTEM studies.  In the case of Ni-rich NiTi films, 
R-phase diffraction peaks have also been identified in addition to the Austenite / 
Martensite phase.  XRD investigations have shown that Ti-rich NiTi and Ni-rich NiTi 
films have resulted in precipitate free films.  In the case of Ti-rich NiTiCu and Ni-rich 
NiTiCu films, the variations in Ti/Ni target power has resulted in the formation of NiTi2 
and Ni3Ti precipitates along with their parent Martensite and Austenite phases.  When the 
Cu content is increased in NiTiCu films, an increase in number of Martensite phase 
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diffraction peaks in XRD spectrum has been observed.  XTEM studies have confirmed 
formation of oxide layer, inter-metallic layer and interface layer at higher post annealing 
temperatures. SEM studies have shown that the films deposited at higher gas flow rate 
results in the columnar micro-structure.  In the context of NiTiCu films, the films 
deposited at higher Ti target power have shown more compact and tightly packed film 
micro-structure.  AFM studies have shown increase in the average crystallite size and 
film roughness with post annealing temperature and duration. 
 
TiN coating has been used as the capping layer onto NiTi / NiTiCu films.  
Structural and micro-structural comparison of these films before and after TiN coating 
has resulted the appearance of (111) TiN peak in all TiN capped films.  SEM and AFM 
studies have shown that the film roughness have decreased after capping layer deposition.   
 
DSC thermal cycling used to verify the film crystallization temperature has shown 
the appearance of exothermic peak in NiTi / NiTiCu films.  DSC, Resistivity-
temperature, stress-temperature response has been confirmed the transformation 
temperature and kind of transformations in all the films.  Residual stress measurements 
have shown that the crystalline films exhibited lower bi-axial stress in comparison to the 
amorphous films.  Ti-rich NiTi films have shown single phase transformations (M-A and 
A-M) whereas two phase transformations (M-R-A and A-R-M) have been observed in 
Ni-rich NiTi films.  Higher deposition / annealing temperature have shown the 
appearance of distinct phase transformation peaks in resistivity vs. temperature studies.  
In the case of NiTiCu films, the decrease in film crystallization temperature with increase 
in the Cu content has been observed. The phase transformation temperature evaluated 
from second thermal cycle has shown decrease in the width of hysteresis loop with 
increase in the Cu content in NTC films. 
 
Nano-indentation studies have been carried out to evaluate the micro-hardness 
and modulus values of TiN capped and uncapped NiTi / NiTiCu films. The modulus and 
hardness uniformity have been confirmed for the different location over a diameter of 75 
mm. The modulus and hardness values have increased with increase in the substrate and 
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annealing temperature.  Increase in the Cu target power has resulted in the increase in the 
hardness and modulus values under same deposition conditions. TiN coated NiTi / 
NiTiCu films have shown larger modulus and hardness values than the uncapped films. 
 
In the Seventh chapter, the fabrication process and actuation response for silicon 
dioxide, Aluminum and NiTi SMA coated micro-cantilevers has been discussed.  Various 
nano-structures such as pyramids, beams and pillars by focused ion beam (FIB) micro-
machining have been fabricated. High aspect ratio nano-pillars have been selected for 
micro-compression testing.  
 
In summary, this thesis emphasizes on the fabrication of specific sputtering systems 
relevant to NiTi film deposition and process parameter optimization for desired film 
thickness and composition uniformity.  DC magnetron sputtering of a NiTi alloy target 
(50:50 and 45:55 at. %) and co-sputtering of elemental targets (Ni, Ti and Cu) have been 
presented.  These films have been investigated for structural, micro-structural, phase 
transformation and mechanical properties.  In-situ deposition of TiN capping layer, on to 
NiTi / NiTiCu films has been carried out to reduce the oxygen trapping.  The fabrication 
process and actuation response of micro-cantilevers have been described.  The etching 
characteristics to generate various nano-structures viz. pyramids, beams and pillars by 
focused ion beam (FIB) micro-machining have been investigated and mechanical testing  
of selected nano-structures have  also been reported.  
